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Spring 2005 - Hartlaub

Solve all four of the problems below and be careful not to spend too much time on a particular part.  The point values for each part are in parentheses.  The files containing the data and the SAS programs are in the directory p:\data\math\dataanalysis.
1.  The index of biotic integrity (IBI) is a measure of the water quality in streams.  IBI and land-use measures for a collection of streams in the Ozark Highland ecoregion of Arkansas were collected as part of a study.  The data for IBI and the area of the watershed in square kilometers for streams in the original sample with area less than or equal to 70 km2 are provided in the file Ozark.dat.  Use the SAS program Ozark.sas to answer the questions below.
a.
Specify the regression model for predicting IBI.  Be sure to state any assumptions.  (5)

b.
State the null and alternative hypothesis for examining the linear relationship between IBI and area.  (5)
c.
Identify the estimated regression function and interpret each parameter estimate.  (10)

d.
Does the residual plot indicate any potential problems?  Explain your answer.  (5)

e.
Do the residuals appear to be approximately normal?  Explain your answer.  (5)

f.
Find a 95% confidence interval for the mean response corresponding to an area of 30 km2.  Be sure to interpret your interval.  (10)

g.
Find a 95% prediction interval for a future observation with an area of 30 km2.  Be sure to interpret your interval.  (10)
h.
Do you think that these results can be applied to other streams in Arkansas or in other states?  Explain why or why not.  (10)
i.
Are you satisfied with the fit of this model?  Explain.  (10)

2.  Iron-deficiency anemia is the most common form of malnutrition in developing countries, affecting about 50% of children and women and 25% of men.  Iron pots for cooking foods had traditionally been used in many of these countries, but they have been largely replaced with aluminum pots, which are cheaper and lighter.  Some research has suggested that food cooked in iron pots will contain more iron than food cooked in other types of pots.  One study designed to investigate this issue compared the iron content of three Ethiopian foods (yesiga wet’ labeled meat, shiro wet’ labeled legumes, and ye-atkilt allych’a labeled vegetables) cooked in aluminum, clay, and iron pots.  The iron in the food is measured in milligrams of iron per 100 grams of cooked food.  The data are provided in the file pots.dat.  Use the SAS program pots.sas to answer the questions below.
a.
Specify an appropriate model for this experiment.  Be sure to label your parameters and state any assumptions.  (5)

b.
Do the profile plots indicate evidence of significant effects?  Explain.  (10)
c.
Provide an appropriate two-way ANOVA table for this experiment.  (10)

d.
Conduct the formal test for interaction between Type of Pot and Iron Content.  (10)  Be sure to state the hypotheses, test statistic, p-value, and your conclusion.  (10)
e.
Do you think that these data support the conclusion that foods cooked in iron pots contain more iron than foods cooked in aluminum or clay pots?  Explain.  (10)

3.  Healthy bones are continually being renewed by two processes.  Through bone formation, new bone is built; through bone resorption, old bone is removed.  If one or both of these processes is disturbed, by disease, aging, or space travel, for example, bone loss can result.  The variables VOPLUS and VOMINUS measure bone formation and bone resorption, respectively.  Osteocalcin (OC) is a biochemical marker for bone formation: higher levels of bone formation are associated with higher levels of OC.  A blood sample is used to measure OC, and it is much less expensive to obtain than direct measures of bone formation.  The units are milligrams of OC per millimeter of blood (mg/ml).  Similarly, tartrate resistant acid phospahtase (TRAP) is a biochemical marker for bone resorption that is also measured in blood.  It is measured in units per liter (U/l).  These variables were measured for 31 healthy women aged 11 to 32 and are provided in the file biomarker.dat.  Use a scatter plot matrix and the SAS program biomarker.sas to answer the questions below regarding the prediction of VOPLUS, the measure of bone formation.
a.
Do the automatic search procedures (forward, backward, and stepwise) identify the same set of predictor variables for the final model when the three predictor variables are considered?  (5)

b.
The analyst decided to fit the regression model with all three predictor variables.  Identify the estimated regression function for this model and comment on the fit.  Would you suggest any changes to this model?  (15)

c.
Another analyst suggested the regression model with all three predictor variables, the squared predictor variables, and all possible pair-wise interaction terms.  Do you prefer this second-order model over the model in part (b)?  Explain.  (10)
d.
Could a formal lack-of-fit test be conducted in this setting?  If so, explain how you would conduct the test (but DO NOT calculate the test statistic and p-value).  If not, explain why not.  (5)
4.  The following statement appeared in the article “Dimensions of Adjustment Among College Women” (Journal of College Student Development [1998]: 364-372): “Regression analyses indicated that academic adjustment and race made independent contributions to academic achievement, as measured by current GPA.”  Suppose that 
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 = current GPA, 
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 = academic adjustment score, and 
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 = race (with white = 0, other = 1).  What multiple regression model is suggested by the statement?  Did you include an interaction term in the model?  Explain why or why not.  (10)
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